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SUMMAHY 

gadon of a model of the Apollo launch-escape vehicle -n close 
proximity to the service module has been made at Mach numbers from 0.70 to 1.10. 
By changing the attitude of the service module relative to the command module, 
ten different configurations were investigated. 
between the service module and command module was varied for each configuration. 
The escape-rocket exhaust was simulated with a bydrogen peroxide rocket mounted 
upstream of the command module. 
the average Reynolds number based on the maximum command-module diameter was 
4.34 x 106 at a Mach number of 0.90. 

The longitudinal distance 

The angle-of-attack range was Oo to l5O, and 

The results of the investigation indicate that the axial force (drag), and 
thus the escape-rocket thrust margin, depends to a large extent on the trajec- 
tory traced by the launch-escape vehicle as it separates from the service mod- 
ule. The axial force (drag) of the launch-escape vehicle is greatly increased 
for small initial longitudinal displacements of the service module downstream 
of the command module; however, any further longitudinal displacement of the 
service module resulted in a decrease of axial force of the launch-escape vehi- 
cle. 
close proximity to the command module decreased axial force (drag) on the 
launch-escape vehicle. 

It was also found that displacing the service module vertically while in 

INTRODUCTION 

To provide a means of escape in the event of a malfunction during the 
launch phase of Project Ap5Uo, an escape rocket mounted to the Apollo command 
module, similar to that used for Project Mercury, is provided to separate the 
command module and its crew from the service module and booster. (See ref. 1.) 
A wind-tunnel investigation of the effects of rocket-exhaust gas on the aerody- 
namic characteristics of the Apollo launch-escape vehicle is reported in refer- 
ence 2 where the launch-escape vehicle was assumed to be far enough away from 
the booster to be free of any flow-field interference effects. 
information has been published concerning t h e  effect of the service module on 

However, no 



the aerodynamic characteristics of the launch-escape vehicle during separation. 
Therefore an investigation was conducted to determine the aerodynamic charac- 
teristics of a 0.085-scale model of the launch-escape vehicle while in close 
proximity to the service module. 

Ten service-module configurations of different pitch attitudes and vertical 
displacements relative to the command module were investigated at several axial- 
separation distances. 
at angles of attack from Oo to l5O, and at ratios of rocket-chamber pressure to 
free-stream static pressure from 1.0 (jet off) to 186.0. A bydrogen peroldde 
gas generator was used to provide hot exhaust gas to simulate the escape-rocket 
operation. For further information concerning the rocket-exhaust simulation, 
see reference 2. 

Tests were conducted at Mach numbers from 0.70 to 1.10, 

The positive direction of forces and moments is shown in figure 1. The 
basic data presented herein are referred to the body system of axes with the 
origin located at the theoretical apex of the command module. 

A reference area, maximum cross-sectional area of command module, 
~3.2331 

d mzudmum diameter of command module, 33.25 cm 

1 length of command module measured from apex, 30.78 cm 

M free-stream kch number 

P pressure, N/m* 

rocket-chamber pressure, N/m2 pJ 
¶ dynamic pressure, N/m2 

r radius, m 

X longitudinal distance from apex, positive rearward, m (see fig. 6) 

Ax longitudinal displacement, measured from maximum diameter of command 
module to front-face center line of service module, positive rear- 
ward, m (see fig. 2) 

hz vertical displacement, measured from longitudinal a x i s  of command 
module to front-face center line of service module, positive down- 
ward, m (see fig. 2) 

%3 

2 

relative angle of attack between command module and service mod e, 
positive clockwise, deg (see fig. 2) ' -pw * - +  * 



U angle of attack of model center line, deg 

angular location of orifice with respect to module longitudinal axis, 
positive in counterclockwise direction looking upstream, deg 
(see fig. 6) 

@ 

8 angle between model center line and thrust axis, deg 

Subscripts : 

a ambient 

av average 

b bas e 

co free stream 

Coefficients 

Aerodynamic coefficients (includes jet-interference effects but not the direct 
forces or moments produced by the jets): 

Axial force dal-force coefficient, 
%aA 

cA 

cm 

CN 

Pitching moment pitching-moment coefficient, 
BoAd 

Normal force normal-force coefficient, 
goA 

Coefficients of force and moment components of Jet thrust: 

(Axial force)j 

PaA 
static aldal-thrust Coefficient, ‘A, f 

(Axial force)j 
q A cos 35O 

thrust coefficient, 
Q) 

cA, 3 

cj 
‘A.f CA-3 cos 35’ 

resuitant t i r r u s t  coefficient, - or 
cos 8 cos e 

c- 3 



(Pitching moment) 
static pitching-manent coefficient, 

G, f PaAd 

(Pitching moment) j 
pitching-moment coefficient, 

‘m, j 9,Ad 

(Normal force) j 

PaA 
static normal-force coefficient, 

N,f C 

( ~ o r m a l  force) j 
normal-force coefficient, 

LA ‘N, j 

Coefficients with aerodynamic and thrust components included: 

‘A, t total axial-force coefficient, CA - cA,j cos 35’ 

total pitching-moment coefficient, Cm + G,j G, t 
‘N, t total normal-force coefficient, CN + CN,j 

Pressure coefficient: 

p2 - pco 
$, 

pressure coefficient, cP 

APPARATUS AND PROCEDURE 

Wind Tunnel 

This investigation was conducted in the Langley 16-foot transonic tunnel 
(4.88 m), which is a single-return atmospheric wind tunnel with an octagonal 
slottedtest section and continuous air exchange. 
Mach number of 0.30 to 1.30, and the Mach number is varied by changing the 
rotational speed of the drive fans. 

It has a speed range from a 

Model and Support System 

A sketch of the Apollo launch-escape vehicle, service module, and sting 
support is shown in figure 2. Photographs of the model installed in the test 

4 I 



e- 
section of the Langley 16-foot transonic tunnel (4.88 m) a re  shown i n  figures 3 
and 4. 
structure,  command module, and a service module attached t o  the sting-support 

The model consisted of the escape-rocket simulator, rocket-support 

system. 

The sting-support system actually consisted of three different  s t ings used 
during the separate phases of t h i s  investigation. These three stings are  shown 
i n  figure 2. Sting 1 has a diameter of 16.61 cm and a gap between the s t ing  
and command module of 1.52 cm. Sting 2 has the same diameter as s t ing  1 but 
the gap i s  increased t o  5.08 cm. 
has no gap between the s t ing  and the command module. 
port  the launch-escape vehicle, w h i l e  stings 1 and 2 were bui l t  up around 
s t ing  3 and were used a s  a bearing surface f o r  the movable service-module 
configurations. 

Sting 3 has a nominal diameter of 6.81 cm and 
St ing '3  was used t o  sup- 

The service module used with s t ing  1 was motorized so that the longitudinal 
distance from the command module t o  the front face of the service module, as 
denoted by Ax, could be controlled remotely. Ten different  service-module con- 
figurations were obtained by attaching the service module t o  the s t ing  track at  
fixed values of Az and hS. Figure 2 presents a l i s t  of configurations 
giving the range of &/d and the values of h / d  and da, used during the 
t e s t .  Different configurations were obtained w h i l e  using s t ing  2 by se t t ing  
fixed values of k / d ,  Az/d, and hs before each run. The service module 
was  not used with s t ing  3.  

The launch-escape vehicle was a t tachedto  s t ing  3 through a six-component 
The service module was not strain-gage balance located i n  the command module. 

attached t o  the balance. 

A hydrogen peroxide gas generator located i n  the escape rocket was used t o  
Details of t h i s  arrangement a re  shown i n  f igure 5.  produce hot rocket exhaust. 

A more detailed description of the catalyst  pack, escape rocket, and propellant- 
supply system may be found i n  reference 2. 
simulators and the related propellant-supply system are described i n  refer- 
ence 3. 
tower s t ructure  in to  a radial-flow catalyst  pack located i n  the escape rocket. 
The propellant l i nes  entered the model and passed over the balance i n  a f lex ib le  
he l ix  r e s t r a in t  system so  that res t ra in t  on the balance w a s  held to  a minimum. 
(See ref.  2.) 
( l o l l o  K )  , were exhausted through four nozzles located a t  the rocket base and 
canted outward 350. 
and the same expansion r a t io s  as the full-scale rocket nozzles. 
i n  the yaw plane had equal throat areas and equal exit-area ra t ios  of 8.59. 
top nozzle i n  the pi tch plane had a smaller throat area and a larger  exit-area 
r a t i o  of 10; the lower p i tch  nozzle had a larger throat area and smaller exit- 
area r a t i o  of 7.62. 
offset  th rus t  vector ( 2 O 4 3 ' )  shown i n  figure 1. 

Typical hydrogen peroxide hot-jet  

The l iqu id  bydrogen peroxide was piped through the s t i ng  and rocket- 

The resul t ing exhaust products, oxygen and superheated steam 

The model rocket nozzles had scaled throat and ex i t  areas 
The two nozzles 

The 

The asymmetric thrust of  the  p i tch  nozzles provided the 

5 



f 
i 
Instrumentation 

A sketch showing pressure-orifice locations is given in figure 6. 
sures were measured at several radial angles around the command and service 
modules. Pressures were also measured at several radial angles on the command- 
module base. In addition, pressures were measured in the rocket-exhaust plenum 
chamber as indicated in figure 5. 
connected through the sting barrel to an electrical pressure transducer. 
electrical pressure transducers were connected to a common reference pressure. 

Pres- 

The pressure tubing from each orifice was 
The 

Forces and moments on the model were measured by a six-component strain- 
Idquid hydrogen peroxide flow was measured with a vane type of gage balance. 

electronic flowmeter located in the hydrogen peroxI.de supply line. 

Tests 

This investigation covered a Mach number range from 0.70 to 1.10 and angles 
of attack from 00 to l 5 O .  
total pressure to free-stream static-pressure ratios from 1. o (jet off) to 
186.0, The average Reynolds number based on the maximum command-module base 
diameter was 4.34 x 106 at a Mach number of 0.90. All configurations were 
tested at M = 0.90 and several were tested at M = 0.70 and M = 1.10 to 
determine Mach number effects. 
module, this Mach number range was determined to represent minimum thrust-minus- 
drag conditions, with M = 0.90 representing the worst conditions. Ten differ- 
ent configurations were tested by setting fixed values of Az and hS before 
each run and then varying Ax remotely during the run. 

Data were obtained through a range of rocket exhaust 

From previous Apollo tests with the service 

Data Reduction 

Electrical signals from the pressure transducers, balance, and flowmeters 
were recorded on tape as millivolt readings. 
converted to standard pressure and force coefficients, and the electronic flow- 
meter signal was converted to kilograms per second by machine computation from 
the millivolt readings. 

The pressures and forces were 

All aerodynamic coefficients in this report have all applicable components 
of the jet thrust removed, as follows: 

Cm = ‘m,t - Cm,j 
‘N = ‘N,t - %,j 
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This calculation removes all force and moment components due to jet thrust but 
retains all jet-exhaust interference effects on the command-module pressures 
and aerodynamic characteristics. 

The components of axial force (CA,f), normal force (qq,f) , pitching 
moment (G,f) due to the rocket thrust were obtained from a static calibration. 
Figure 7 presents the variation of CA,f, CN,f, and Cm,f with rocket- chamber 
pressure ratio. 
attached to the balance, to prevent measurement of any jet forces on the command 
module during the static tests. 
dividing the jet axial-force coefficient obtained from static calibrations by 
the cosine of the nozzle cant angle (35O): 

The command module was covered with a shroud, which was not 

The jet-thrust coefficient was obtainedby 

REsuIIlls AND DISCUSSION 

Support Interference EFfects 

The investigation of the Apollo launch-escape vehicle was separated into 
several different phases. In order to attach the service module and its remote- 
control mechanism behind the command module, a larger sting was required for the 
separation test phase than for the other phases. 
with stings 1 and 2 while sting 3 was used for the launch-escape vehicle with- 
out the service module. 
to indicate the effect of the larger stings by comparing the base pressures on 
the command module f o r  each sting. 

The service module was used 

These stings are indicated in figure 2. It is possible 

Figures 8(a) and 8(b) show a comparison of the command-module base pres- 
sures when stings 1 and 3 were used at Mach numbers of 0.90 and 1.10, respec- 
tively. 
ciated with sting 1 for all conditions of Mach number, angle of attack, and 
Jet-thrust coefficient shown. The maximum difference between base-pressure 
coefficients associated with these two stings at a Mach number of 0.90 is 
approAmately 0.1. 
Increasing Mach number generally increases the difference between the base- 
pressure coefficients associated with these two support systems. 

The base pressures associated with sting 3 are lower than those asso- 

This difference is decreased to a value of 0.03 at a = 150. 

The effect of stings 1 and 2 on the command-module base pressures is shown 
in figure 9. 
lower than those associated with sting 2 at the lower angles of attack; however, 
at a = loo, this trend is reversed. 

The command-module base pressures associated with sting 1 are 

It is shown in figures 8 and 9 that, in general, the command-moaule base 
pressures associated with the smaller sting (3) are lower than the base pres- 
sures associated with the larger 8tings (1 and 2). All data shown in this 

b 
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report were obtained with either sting 1 or sting 2 unless otherwise stated. 
Thus, the absolute drag levels shown herein, obtained with larger stings, appear 
to be too low when compared with data obtained with a smaller sting. 
effect is shown in reference 4 for all rear sting-supported slender bodies. It 
is clear that base drag depends on the diameter of the rear support and that 
such sting effects are certainly present in the data presented in the following 
sections. Due to the limited amount of data published about sting effects on a 
blunt body in the transonic speed regime and the limited amount of data shown 
herein, any attempt to correct or extrapolate the data would be unrealistic. 
However, it is believed that the relative magnitudes of base pressures and base 
drag are useful in determining trends in the aerodynamic characteristics of the 
command module as the service-module attitude is changed while all other test 
variables are held constant (e.g., M, a, and sting size). 

This 

Ty-pical Pressure Distributions 

The variation of pressure coefficients with the ratio x/2 is shown in 
figures 10 and 11. 
command-module base, and service-module surface are shown for a radial angle 
of 0' (#  = 0') and several values of the ratio 
and 10(b). Changing the spacing ratio Ax/d has little effect on the command- 
module surface pressures. 
decreased for small initial longitudinal displacements as the service module 
separates from the command module. The command-module base pressures and the 
service-module surface pressures increase for any further longitudinal displace- 
ment of the service module downstream of the conrmand module for both jet-on and 
jet-off conditions. The highest base pressures occur for Ax/d = 03 or with 
no service module. Operation of the escape rocket increases most of the surface 
pressures on the conical face of the command module and decreases the pressures 
on the command-module base and service-module surface. 

Pressure coefficients for the command-module surface, 

&/d in figures lO(a) 

The command-module base pressures however are greatly 

Figure ll(a) presents pressure distributions for # = 180° and several 
values of the ratio Az/d. The command-module conical-surface pressures gener- 
ally increase with increasing Az/d for both jet-off and jet-on conditions. 
The command-module base pressures varied over a wide range of values and are 
discussed in a subsequent section of this report. Operation of the escape 
rocket generally increases the pressures on the command-module conical surface 
and decreases the pressures on the command-module base for all values of h/d. 

Figure ll(b) presents pressure distributions for = 180° and several 
values of hS. Changing Axs has little or no effect on the command-module 
conical-surface pressures. Addition of the service module produces a large 
decrease in the base pressures for both jet-on and jet-off conditions. 
varying Lus had very little effect on the base pressures. Operation of the 
escape rocket again produces an increase in most of the command-module conical- 
surface pressures and a decrease in command-module base pressures. 

However, 

The pressure distributions at several radial angles around the conrmand 
module are shown in figure ll(c). The flow around the model is symmetrical for 
the jet-off condition; however, some disturbance of the flow field is noted for 
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the jet-on case. 
on the command-module conical surface. 

Operation of the escape rocket increases most of the pressures 

Figure ll(d) presents the pressure distributions on the command module at 
# = 180° 
the command-module conical surface are given in reference 2. 
angle of attack generally increases the pressure coefficients on the command- 
module conical surface for 
the effect of angle of attack. Base-pressure coefficients for the jet-off case 
are decreased with increasing angle of attack while no evident trends are shown 
for the jet-on case. 

for several angles of attack. More complete pressure distributions on 
Increasing the 

# = 180~. Escape-rocket operation tends to diminish 

Base-Pressure Data 

Effect of Ax/d.- Figure 12 presents the variation of the average base- 
pressure coefficients with the spacing ratio Ax/d for several angles of attack 
and thrust coefficients. 

During initial separation of the command module from the service module, 
the base region is strongly aspirated and produces very low base 
lowest values of base pressures are obtained in the range of Axpd from 0.01 
to 0.10. 
determined from data using sting 2. An example is shown for a = Oo and 
cA,j = 0. The data from sting 2, however, do not agree exactly with the data 
using sting 1, as a result of differences in sting-interference effects, but 
the data do indicate base-pressure trends in the range of Ax/d of 0.013 to 
0.25. After the lowest value of base-pressure coefficient is reached during 
separation, any further increase of Ax/d increases the base pressures. Opera- 
tion of the escape rocket generally decreases the base pressures at all angles 
of attack. 

ressures. The 

It should be noted that the data fairing in this range of Ax/d was 

Effect of Az/d.- Pressure distributions around the command-module base 
are shown in figure 13 for several values of angle of attack, jet thrust coef- 
ficient, and &/a. A value for Ax/d of 0.20 was chosen since this value 
represents very low base pressures as shown in figure 12 and thus represents 
values near maximum drag or minimum thrust margin. Base pressures increase as 
the ratio increases for all values of angle of attack and jet thrust 
coefficient. This favorable effect of reducing base drag, and thus increasing 
thrust margin, in a critical region of 
scooping effect of the service module as it is displaced into the free stream. 
Air is scooped from the free stream into the base region by the front face of 
the service module, and thus tends to pressurize the base region between the 
command-module base and service-module front face. 

Az/d 

&/d is probably a result of the 

Operation of the escape rocket generally tends to decrease the base pres- 
sures, while increasing angle of attack generally increases the base pressures. 

Effect of 

on the pressure distributions around the command-module base for values 

hS.- Figures 14(a) and 14(b) present the effects of changing - 
bS 
of Az/d of 0 and 0.20, respectively, and at several values of angle of attack 
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and jet thrust coefficient. 
pressure coefficients are affected only slightly at when compared with 
the large effects already shown for Ax/d and Az/d. However, at a = loo the 
effect of varying Las is more pronounced. The base-pressure coefficients 
became less negative when the service module was rotated to 

Figure 14(a) shows that the overall levels of base- 
a = 0' 

Las = 10'. 

Figure 14(b) shows very little effect of varying Axs on the overall 
levels of base pressure when the service module is given an initial vertical 
displacement of Az/d = 0.20. 
service module on the command-module base pressures, as shown in figure 13, 
probably overshadows any small effect that changes in 
pressures. 

The large effect of vertical displacement of the 

hs have on the base 

In general, the effect of Axs on the command-module base pressures is 
small when compared with the large effects of Ax/d and Az/d on the base 
pressures. This effect is particularly true for a = Oo or when the service 
module has an initial vertical displacement, as denoted by Az/d. 

Force and Moment Characteristics 

Ef'fect of Ax/d.- The effect of the ratio Ax/d on CA, CN, and C, for 
various values of Az/d, Axs, a, and CA, is shown in figure 15. The varia- 
tions of axial force with the ratio Ax/d are shown in figure l5(a) for Az/d 
and Las equal to zero. It should be noted that CA is positive in the drag 
direction (see fig. 1) and is equal to the drag coefficient at 
maximum value of CA occurs for a spacing ratio, Ax/d, between 0.01 and 0.10. 
This value occurs at conditions where the most negative base-pressure coeffi- 
cients are noted, in figure 12, and is associated with the high base drag pro- 
duced by these pressures. The data fairing in this region of Ax/d was deter- 
mined from data from tests using sting 2. An example is shown for a = Oo and 
C A , ~  = 0, 
the data obtained with sting 2 differs from that of sting 1 but does indicate a 
trend for fairing in the region of Ax/d between 0.01 and 0.25. Any further 
increase in the ratio Ax/d, after the maximum value of CA is obtained, rap- 
idly decreases CA. This effect of Ax/d on CA was indicated by t'ne effect 
of Ax/d on the command-module base pressures. Although operation of the 
escape rocket increases the axial-force coefficient for all angles of attack 
shown, the effect of Ax/d 
rocket operation or angle of attack. 

a = 0'. The 

AS a result of different sting-interference effects, the level of 

remains essentially the same regardless of escape- 

The coefficients CN and C, are presented in figure l5(b) plotted 
against Ax/d for h/d = 0 and bS = Oo and for several values of angle of 
attack and jet thrust coefficient. 
and angle of attack change the level of % and Cm, varying Ax/d has little 
effect on either CN or Cm. 

Although variations of thrust coefficient 

lo *- 



I n  f igure 15(c) ,  CA, CN, and C, are shown plotted against A x / d  f o r  
Az/d = 0.20 and hs = 0'. M a l - f o r c e  coefficient increases with increasing 
Ax/d, and the effect  of Ax/d on CA i s  therefore reversed when Az/d i s  
increased from 0.0 t o  0.20, as shown i n  figures l ? ( a )  and 15(c). 
i s  apparent that the effect  of Ax/d 
ent on the ve r t i ca l  displacement of the service module. 
increase i n  
explained by the f ac t  that Az/d has a large favorable e f fec t  on CA, as i s  
shown i n  a l a t e r  section of this report, and this favorable e f fec t  becomes 
smaller as Ax/d increases. 

Therefore, it 
on the axial-force coefficient i s  depend- 

For Az/d = 0.20, the 
CA when the service module i s  displaced longitudinally may be 

The ef fec t  of Ax/d on CN and i s  greater when the service module 
i s  displaced downward than the effect  of 
t ion,  although both effects  a r e  re la t ively small. 

Ax/d f o r  the  symmetrical configura- 

Changes i n  angle of attack and escape-rocket operation a f fec t  the levels 
of CA, CN, and C, but do not greatly a l t e r  the e f fec t  of increasing &/d 
on these coefficients.  

Figure l5 (d )  presents the variations of CA, CN, and Cm with Ax/d fo r  
Az/d = 0 and hs = loo. As with hs = Oo, the axial-force coefficient rap- 
idly decreases with increasing Ax/d. Thus, it appears that the effect  of Ax/d 
i s  not dependent t o  any significant extent on the value of as it i s  on the 
value of Az/d. 

hs 

No signif icant  effect  i s  noted on either the normal-force coefficient or 
the pitching-moment coefficient when Ax/d i s  varied and f!us = 10'. 

Increasing angle of attack generally decreases CA and C, and increases 
CN, and operation of the escape rocket increases CA and C, and decreases 
CN &/d 
on CA, CN, and C, remains essentially the same regardless of escape-rocket 
operation o r  angle of attack. 

fo r  both angles of attack shown; however, the effect  of increasing 

Figure 16 presents the variations of axial-force coefficient with Ax/d 

&/d when the service module i s  not dis- 
hs. 

f o r  various combinations of Az/d and Las. I n  general, the  axial-force coef- 
f i c i e n t  decreases with increasing 
placed ver t ica l ly  (&/a = 0) regardless of the value of 
service module i s  displaced ver t ica l ly  (Az/d 0),  any increase i n  &/d gen- 
e ra l ly  increases the axial-force coefficient, which may reach a maximum value 
and then decrease, depending on the value of hs. 

I n  general, the effect  of Ax/d depends largely on the velue of Az/d and 
t o  a lesser  degree on the value of hS. With increasing Ax/d, the axial-force 
coefficient usually approaches the value corresponding t o  the condition where 

(&/d = 00). 

However, when the 

t h e  C"mmEEd mnfi1Le is net ir,c1.;,znz,zd bJ t h e  presence sf t h e  seriece z s & d e  
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Effect of &/d.- The variations of CA, CN, and Cm with &/d are 

shown in figure 17 for two different values of &/d. 

For Ax/d = 0.20, the axial-force coefficient rapidly decreases with 
increasing &/d. The decrease in axial-force coefficient is associated with 
the large increase in command-module base pressures with increasing 
decreasing base drag and axial-force coefficient. The variations of CN and 
C, with Az/d are presented in figure l7(b); CN and (& are only slightly 
affected by increasing &/d. 

Az/d, thus 

Although operation of the escape rocket and increasing angle of attack 
changes the level of CA, CN, and C&, the trends of CA, CN, and Cm with 
increasing Az/d do not appreciably change. 

Figures 17(c) and 17(d) give the variation of CA, CN, and C, with Az/d 
when &/d = 0.49. 
vertical displacement of the service module but tends to level out and then 
increase slightly when &/d reaches 0.20. The initial decrease in CA is not 
as pronounced as when 
further away the comand module and its influence on 
The leveling out of CA at large values of &/d is expected since as Ax/d 
approaches infinity this approximates the no-service-module case. The normal- 
force coefficient generally increases and the pitching-moment coefficient gen- 
erally decreases with increasing 

The axial-force coefficient decreases rapidly with initial 

Ax/d = 0.20 (fig. l7(a)) since the service module is 
CA is somewhat reduced. 

h/d, particularly at high values of Az/d. 

The same trends of CA, CN, and C, with increasing angle of attack and 
operation of the escape rocket are evident for k/d = 0.49 
&/d = 0.20. 

as they were f o r  

=feet of hS.- The effect of Axs on CA, CN, and (& is shown in 
figure 18 for values of &/d = 0 and 0.20. 
values of Las were available, it was impossible to plot CA, CN, and Cm 
against Axs. Therefore figure 18 shows CA, CN, and C, plotted against 
angle of attack for the values of Axs tested. Figure 18(a) shows that 
increasing AzS decreases CA except at a = Oo, where little or no effect is 
shown when Az/d = 0. 
stream flow may account for this lack of change at a, = Oo. When Az/d is 
increasedto 0.20, an increase in bS results in an increase of axial-force 
coefficient as shown in figure 18(b). 
increasing h/d in figures 15(c) and 16 when the service module was initially 
displaced vertically (&/d # 0). Hence the effect of Las on axial-force coef- 
ficient is dependent on the vertical displacement of the service module, as was 
the effect of &/d. The effect of bas on CA is smaller than the effect 
of &/d or &/d on CA for all jet thrust coefficients tested. There is 
little or no effect of hS on either CN o r  C, regardless of the value 
of Az/d. 

Because an insufficient number of 

The shielding effect of the command module on the free- 

This same trend was observed with 

- >  
12 



The effect of increasing Lias on CA, CN, and C, is not greatly altered 
by changes in escape-rocket operation or angle of attack except at 
previously noted, although the levels of CA, CN, and C;n are changed by both. 

a = Oo, as 

CONCLUSIONS 

An investigation of a model of the Apollo launch-escape vehicle in close 
proximity to the service module and including the effects of escape-rocket- 
exhaust interference has been conducted. 
led to the following conclusions: 

The results of the investigation have 

1. The small initial longitudinal displacement between the service module 
and connnand module during separation produces a very pronounced decrease in base 
pressures and a large increase in axial force (drag) on the launch-escape 
vehicle. 

2. The pressures on the conical surface of the command module are not 
affected by the service module except slightly when the service module is dis- 
placed vertically. 

3. In general, although angle of attack and escape-rocket operation affect 
the levels of axial-force, normal-force, and pitching-moment coefficients, the 
effect of increasing one of the three service-module displacement parameters on 
these coefficients was not greatly alteredby either angle of attack or escape- 
rocket operati on. 

4. The effect of longitudinal displacement of the service module on the 
aerodynamic characteristics of the launch-escape vehicle is dependent to a 
large degree on the vertical displacement of the service module and to a smaller 
degree on the relative angle of attack between the command module and service 
module. In general, the axial-force coefficient decreases with increasing lon- 
gitudinal displacement of the service module, when the service module is not 
displaced vertically, regardless of the relative angle of attack between the 
conrmand module and service module. When the service module is displaced verti- 
cally, any increase in the longitudinal displacement of the service module gen- 
erally increases the axial-force coefficient and, depending on the value of the 
relative angle of attack between the command module and service module,may reach 
a maximum value and then decrease. Normal-force coefficient and pitching-moment 
coefficient are not affected by increasing the longitudinal displacement of the 
service module except when the service module is displaced vertically. 

5. The base pressures generally tend t o  approach the values obtained for 
the no-service-module case as longitudinal displacement of the service module 
increases. 

6. The base pressures are increased and the axial-force coefficient is 
decreased with increasing vertical displacement of the service module, regard- 
less o r  the vaiue of t'ne other displacement ytirtuuaiers of t h e  serfice iaii-de. 



Normal-force coefficient generally increases and pitching-moment coefficient 
generally decreases with increasing vertical displacement of the service module. 

7. The effect of relative angle of attack between the command module and 
service module on the base pressures of the command module and the axial-force 
coefficient of the launch-escape vehicle is dependent upon the values of the 
other two service module displacement parameters and angle of attack. 
angle of attack between the command module and service module had little or no 
effect on normal-force coefficient or  pitching-moment coefficient of the launch- 
escape vehicle. 
module and service module is generally less than the effect of either longitu- 
dinal or vertical displacement of the service module on the launch-escape 
vehicle. 

Relative 

The effect of relative angle of attack between the command 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 3, 1966, 
124-07-02-02-23. 
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(a) Variation of axial-force coefficient with rocket-chamber pressure ratio. 

Figure 7.- Static thrust calibrations of launch-escape vehicle. 
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Figure 9.- Effect of sting interference on command-module base-pressure coefficients; M = 0.90; Az/d = 0; AUs = 00; r / d  = 0.40. 
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Figure 10.- Pressure distributions on launch-escape vehicle and service module for variable h / d ;  M = 0.90; a = 00; h z l d  = 0; 
bas = 00; @ = 00; sting 2. 
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47 



+- 
C 
.o, 
0 

Q 
0 
0 

;E .6 
\c 

.4 2 
0 IC 
I 
0 
- ._ 2 .2 

E * I  
0 

i 
C 

0 

Q 
0 

.a, 0 .- 
u- 
u- 

* -.I 
c 
C 
0) 

E 
E -.2 
FI, c .- 
5- c -.3 
(L 0 5 IO 15 0 5 IO 15 

Angle of attack, a, deg 

(b) A z / d  = 0.20. 

Figure 18.- Concluded. 

0 5 IO 15 


